phosphate buffer (pH 6.0) was integrated into the assay component.
Evaluation of Human Chorionic Gonadotropin
The recent demonstration of detectable circulating fetal RNA in maternal plasma (1, 2 ) has led to the development of new, noninvasive prenatal diagnostic opportunities (3, 4 ) . Unlike fetal DNA measurements in maternal plasma/serum, quantitative analysis of circulating fetal RNA has the advantage of being applicable to all pregnant women irrespective of fetal gender and genetic polymorphism status. In addition, the unexpected stability of circulating RNA has enhanced the practicality of this approach (2, 5, 6 ) . Previously, we developed a real-time quantitative reverse transcription-PCR (RT-PCR) assay for measuring the concentration of human chorionic gonadotropin ␤-subunit (␤hCG) mRNA in plasma samples from healthy pregnant women (2 ) . We conducted a case-control study to investigate whether abnormal concentrations of ␤hCG mRNA might be detectable in the serum of mothers carrying fetuses with trisomy 21 and trisomy 18.
We sought informed consent from pregnant women who presented for aneuploidy screening at the King's College Hospital London in the United Kingdom between January and August 2003. Ethics approval was obtained from the Institutional Review Board. Among women who underwent chorionic villous sampling for fetal karyotyping as a result of clinical indications, 149 women consented to blood sampling for ␤hCG mRNA measurements. Maternal blood samples were collected into plain tubes immediately before chorionic villous sampling. The blood samples were centrifuged at 1600g for 10 min at 4°C. The serum was carefully transferred into plain Clinical Chemistry 50, No. 6, 2004 polypropylene tubes, and 3.2 mL was immediately stored in 4 mL of Trizol and kept at Ϫ80°C until RNA extraction. Serum RNA was extracted from 1.6 mL of serum with use of a modified RNeasy RNA Mini Kit (Qiagen) as described previously (2 ) . Total RNA was eluted with 30 L of RNase-free water and stored at Ϫ80°C until real-time quantitative RT-PCR analysis. DNase treatment was carried out to remove any contaminating DNA (RNase-Free DNase Set; Qiagen).
One-step real-time quantitative RT-PCR was used for ␤hCG mRNA quantification, as described previously, without knowledge of the karyotyping results (2 ) . The RT-PCR reactions were set up in a reaction volume of 25 L. The primers and fluorescent probe were used at concentrations of 300 and 100 nM, respectively, and 6 L of extracted serum RNA was used for amplification. The thermal profile used for the analysis was as follows: the reaction was initiated at 50°C for 2 min for the included uracil N-glycosylase to act, followed by reverse transcription at 60°C for 30 min. After a 5-min denaturation at 95°C, 40 cycles of PCR was carried out with denaturation at 94°C for 20 s and annealing/extension at 57°C for 1 min. The sensitivity, linearity, and precision of the assay have been established as described previously (2 ) . We were able to detect down to 100 copies of the synthetic oligonucleotide in the reaction mixture. Concentrations of serum ␤hCG mRNA are expressed as copies/mL of serum. Because no recovery experiments had been done, the reported concentrations (copies/mL) are minimum estimates.
Among the 149 pregnant women recruited, trisomy 21 and trisomy 18 were confirmed by fetal karyotyping in 15 and 11 pregnancies, respectively. The remaining 123 cases had euploid fetuses and served as controls. The median gestational age of the controls was 12.5 (range, 11.2-14.3) weeks, and the median gestational ages of the trisomy 21 and trisomy 18 cases were 12.5 (12.1-14.2) weeks and 12.3 (11.4 -14.1) weeks, respectively. No significant difference of the gestational age was observed among the three cohorts (Kruskal-Wallis, P ϭ 0.706).
Maternal serum samples from the 149 studied cases were subjected to ␤hCG mRNA quantification. ␤hCG mRNA could be detected in the maternal serum of 140 of 149 pregnancies (94%). In the control cohort, the detection rate of ␤hCG mRNA was 97% (119 of 123). For the trisomy 21 and trisomy 18 cohorts, the detection rates were 93% (14 of 15) and 64% (7 of 11), respectively. The median serum ␤hCG mRNA concentrations of the three cohorts were 6108 (interquartile range, 2867-19 249) copies/mL for the control cohort, 13 165 (4403-25 265) copies/mL for the trisomy 21 cohort, and 652 (0 -11 662) copies/mL for the trisomy 18 cohort (Fig. 1) . The median ␤hCG mRNA concentrations differed significantly among the three cohorts (Kruskal-Wallis, P ϭ 0.024). Pairwise multiple comparisons were performed and showed that differences were significant between the trisomy 18 and control cases (Dunn test, P Ͻ0.05) and between the trisomy 18 and trisomy 21 cases (Dunn test, P Ͻ0.05). No statistically significant difference was observed between the serum ␤hCG mRNA concentrations in trisomy 21 and control cases (Dunn test, P Ͼ0.05).
In this study we confirmed that circulating ␤hCG mRNA is easily and robustly detectable in the serum of first-trimester pregnant women, with a detection rate of 94%. These data are largely concordant with our previous data on first-trimester pregnancies (median gestational age, 12.3 weeks) (2 ) . Our present data also demonstrated that the median concentration of serum ␤hCG mRNA in pregnancies with trisomy 18 was 9.4-fold lower than the median concentration in the control pregnancies and that the difference was statistically significant. On the other hand, although the median concentration of serum ␤hCG mRNA in pregnancies with trisomy 21 was 2.2-fold higher than the median concentration in the control pregnancies, the difference was not significantly different. Interestingly, similar relationships were demonstrated in several previous studies on placental tissue expression of ␤hCG mRNA. Although some inconsistent data exist in the literature (7, 8 ) , ␤hCG mRNA concentrations in placental tissues have been shown to be significantly lower in trisomy 18 than in control pregnancies (9 ), whereas no difference has been reported for trisomy 21 pregnancies (10 ) . Thus, the ␤hCG mRNA concentration in maternal serum could potentially be a reflection of the placental tissue expression pattern as demonstrated in a study by Tsui et al. (11 ) .
The data presented here demonstrate for the first time that circulating ␤hCG mRNA concentrations in the firsttrimester serum of trisomy 18 pregnancies is significantly lower than in non-trisomy 18 pregnancies. The mechanisms accounting for this difference require further investigation. Our findings indicate the potential diagnostic usefulness of circulating ␤hCG mRNA as a marker for predicting trisomy 18 pregnancies. However, our data also show that there is an overlap in the ␤hCG mRNA concentrations between the trisomy 18 and control cases. This implies that a relatively low sensitivity and specificity would result if maternal serum ␤hCG mRNA measurement were used as the sole predictor for pregnancies with trisomy 18. In ROC curve analysis (using MedCalc 5.0 software), the mean (SE) area under the ROC curve was 0.734 (0.067) with a 95% confidence interval of 0.651-0.806. On the other hand, a larger scale study may be necessary to explore whether maternal serum ␤hCG mRNA is a useful marker in trisomy 21 screening.
In summary, our findings provide the first evidence for the value of circulating placental mRNA measurement in the noninvasive detection of a fetal chromosomal aneuploidy. The current study is designed primarily as a proof-of-concept investigation. The main technical advantage of the mRNA technology is the relative ease with which new mRNA markers can be developed, including genes coding for proteins for which no immunoassays are currently available. We believe that the availability of microarray technology could lead to development of panels of placenta-specific mRNA markers for future fetal aneuploidy screening. PCR is an important technique for identifying specific nucleic acid targets; for example, sequences associated with diseases and pathogens in clinical, environmental, and food samples. Many techniques currently used for sequence-specific detection of PCR products either require manual processing or are limited in the speed or scale of analysis. The development of biosensors in recent years has provided promising techniques for efficient sequence-specific DNA analysis (1 ) . Biosensors have been used to detect target sequences in PCR products. Most studies have been conducted with the commercially available biosensor BIAcore, which is based on surface plasmon resonance (SPR) technology. In those investigations, either sequence-specific oligonucleotide probe (2-8 ) or amplified products themselves (8 -11 ) were immobilized on the sensor chip, limiting their application to one sequence or to one particular sample. Such a strategy suffers several drawbacks: (a) it compromises the automation and high-throughput capability of such instruments when different targets are analyzed; (b) chip-to-chip variation makes it difficult to compare different measurements; and (c) probe immobilization and chip consumption make running costs substantial.
To overcome these drawbacks, we describe here a "one-chip-for-all" strategy that is capable of, in principle, detecting different target sequences by use of the same sensor chip. Target sequences are amplified by asymmetric PCR using a primer pair in which the low-concentration primer carries a common tag sequence that is identical to that of the oligonucleotide capture probe immobilized on the sensor chip. The PCR product is then injected and captured on the sensor chip, and its sequence identity can be further verified by use of a target-specific probe (see Fig. 1 in the Data Supplement that accompanies the online version of this Technical Brief at http:// www.clinchem.org/content/vol50/issue6/). We exemplify this application by analyzing three different genes: the cystic fibrosis transmembrane conductance regulator gene (CFTR), the mutation of which causes cystic fibrosis (12 ); the hTERT gene, which encodes the catalytic component of the human telomerase complex (13 ) ; and the human gene for the tumor suppressor p53 (Table 1) . Asymmetric PCRs were conducted with 100 ng of human genomic DNA from HeLa cells in a final volume of 50 L, containing 50 mM KCl, 10 mM Tris-HCl (pH 8.8), 1 mM MgCl 2 , 0.2 mM deoxynucleotide triphosphates, 1 M high-concentration primer; 0.1 M low-concentration primer, and 3 U/reaction of Taq polymerase (MBI). Thermal cycling was conducted on a Biometro thermal cycler with initial denaturation at 94°C for 3 min, followed by 55 cycles of 94°C for 30 s, 58°C for 30 s, and Clinical Chemistry 50, No. 6, 2004 
